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Nutritional zinc deficiency causes consistent excessive 
cell proliferation in the epithelium of the buccal mucosa. 
The number per cell and the intracellular location of 
membrane-coating granules in this epithelium were in-
vestigated in male rats placed at weanling age for a 4-
week period on a diet containing 1.2 ppm of Zn and in 
their pair fed controls. Membrane-coating granules were 
identified on electron micrographs following their dem-
onstration in thin sections by the use of an alkaline 
bismuth technique. Counts of membrane-coating gran-
ules in the first 4 rows of spinous cells and the last 4 
rows of granular cells showed that in the zinc-deficient 
group (1) the total number of granules per cell was 
increased; (2) the proportion of granules displaced to the 
cell periphery was decreased in favor of a higher pro-
portion persisting in the center and (3) there was a 
marked reduction in number and proportion of granules 
positioned near the superficial cell membrane. The 
greater uniformity in the distribution of the granules in 
the hyperplastic-hypertrophic epithelium of the zinc de-
ficient group suggests weakening of the surface-oriented 
polarity characteristic of the control tissue. 
A paradoxical effect of zinc deficiency in the rat and other 
mammals is an increased rate of epithelial cell proliferation in 
certain areas of oral mucosa, which results in circumscribed 
regions of hyperplastic-hypertrophic epithelium [1-5]. The in-
crease over controls occurs despite a much smaller body weight 
and smaller size of most organs [1,2; 6- 11]. The epithelial 
regions in question show consistent evidence of markedly in-
creased anabolic activity, e.g., increased cell volume and cell 
dry weight and increased activity of enzymes [12-14] and, 
moreover, a change from ortho-to parakeratinization and 
marked thickening of the keratin layer [5]. 
In order to characterize hyperplastic responses, we ought to 
know which in a set of observed changes are the ubiquitous and 
expected concomitants of increased cell proliferation as against 
those peculiar to the condition under investigation. Previous 
observations in our laboratory had suggested changes in the 
distribution of membrane-coating granules in the hyperplastic 
buccal epithelium of the zinc-deficient rat [15]. In the present 
study, we were able to confirm the occurrence of these changes 
and to assess their magnitude and direction. Our results there-
fore might serve as a basis for the comparison of the response 
to zinc deficiency with hyperplasias of different etiologies. 
Membrane-coating granules (microgranules, keratinosomes) 
have been described in almost all stratified squamous epithelia; 
in keratinized epithelium they characteristically appear as a 
series of lamellae enclosed by a unit membrane [16-20]. They 
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are first seen in the suprabasal cells, where they are often 
located in the vicinity of the Golgi region, and morphological 
and cytochemical studies suggest that they are formed within 
this region [21-23]. In the upper spinous cells, the granules are 
found in the superficial parts of the cell, and in the deeper cells 
of the granular layer they are closely associated with the 
superficial plasma membrane. In the upper granular layer the 
intercellular spaces are filled with larnellated material thought 
to be derived from the extruded content of the granules [24], 
and cells entering the keratin layer no longer possess granules. 
It seemed to us that a subcellular organelle with so unique a 
history in the life-cycle of the keratinocyte might be a sensitive 
indicator of alterations in the differentiating pattern of this cell. 
For the present study, an alkaline bismuth technique [25] was 
used, which greatly facilitated the identification of the granules 
[26]. This enabled us to make quantitative comparisons of 
number and location of the granules in control and experimental 
tissue. 
MATERIALS AND METHODS 
Twenty-one day-old male rats of Simonson strain were placed on a 
semipurified pelleted diet (Teklad Mills, Madison, Wisconsin) assayed 
to contain 1.2 ppm of zinc* and control rats of the same age were pair 
fed the same diet, to which zinc carbonate was added to a concentration 
of 40 ppm of zinc. Specimens of buccal mucosa were taken after 28 days 
and were chopped as nearly as possible at right angles to the epi thelial 
surface so as to yield fragments of approximately 1 mm2 surface. 
Fixation and further procedures followed the technique proposed by 
Ainsworth, lto, and Karnovsky (25] for demons tration of alkaline 
bismuth-posit ive material. Fixation for 2 hr in 2% osmium tetroxide in 
0.1 m phosphate buffer at pH 7.3 was followed by 2 periods of washing 
of 20 min each in 0.9% sodium chloride, dehydration in graded alcohols 
and embedding in Epon. Thin sections of silver-to-gray color were 
picked up on 150-200 mesh gold grids and oxidized in periodate solution 
at room temperature for 40 min, washed thoroughly in double-distilled 
water, then treated with bismuth subnitrate solution for 1 hr at room 
temperature and again washed thoroughly. Sections so treated and 
routinely stained sections were examined with a Philips 301 electron 
microscope. 
Quantitation of the membrane-coating granules: A systematic sam-
pling procedure advocated for electron microscopic stereo logy [27) was 
used to select the material for quantitation. For identification of the 
location and orientation of the cells to be used for counts, montages of 
the whole cellular (nucleated) layer of the buccal epithelium were 
prepared at low magnification. For counts of granules, electron micro-
graphs printed at a fmal magnification of 11,250 were prepared. Counts 
were made in cells of the first 4 rows of the spinous layer (designated 
as S, , S2, 83, and S.,) and in the last 4 rows of cells that preceded the 
kera tin layer (designated as K-4, K-3, K-2, K-1). The region between S, 
and K-4 was not included, RS t he number of rows was not constant and 
varied considerably from animal to animal in the control tissue. This 
variation was even more pronounced in the tissue from the experimen-
tal animals. In the rows selected, every cell was included in the counts, 
provided that granules were clearly identifiable and that the presence 
and profile of the nucleus and surrounding organelles suggested that 
the plane of section lay approximately through the center of the cell. 
Inside the periphery of each cell so selected, a zone measuring 1 em 
in width (corresponding to 1.125 J.l of actual size; see Fig 1) was marked 
off on the micrograph . This was designated the peripheral zone. The 
• Assays were carried out at the Wisconsin Alumni Research Foun-
dation, Madison, Wisconsin. 
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FIG 1. Zinc-deficient animal-A cell located in the 3rd row of spinous cells. Lines were drawn to show delineation of cen tral and peripheral 
zones of the cytoplasm and the location of the upper and lower compartments within the peripheral zone. Note that the membrane-coating 
granules are not unambiguously identifiable at this magnification (reduced from x 8,500) . Bar represents 3 p.m. 
remaining cytoplasm represented the central zone, and separate counts 
were made in these 2 zones, the sum of both representing the total 
number per cell. Within the peripheral zone, 2 strips each measuring 5 
em in length (and 1 em in width) were delineated. These were so placed 
as to be oriented as precisely as possible parallel to the superficial and 
the deep aspect of the cell and designated as upper and lower com-
partments. Separate counts were made in these compartments. 
The 4 sets of counts were made in both control and experimental 
material in 5 to 13 cells (with an average of 8 cells) of each of the 8 
rows specified a bove. Statistical significance of differences between 
means of experimental and control groups was evaluated by paired or 
unpaired t-tests [28]. 
The classical features of membrane-coating granules, i.e., organelles 
bounded by unit membrane which encloses stacks of lamellae in ellips-
oid profiles with axes approximately 0.1 11 the shorter and up to 0. 7 J.! 
t he longer [18-20] were present in most of the granules counted. If such 
featu res were lacking, the minimal criteria for inclusion were an ellip-
soid vesicle bounded by unit membrane of a size up to 0.1 11 in the 
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s h orter diameter, and at least the suggestion of a dense core or lamel-
lation. These criteria excluded a few small vesicles in the immediate 
vicinity of the Golgi region. The great majority of the organelles 
counted as membrane-coating granules in both groups were clearly 
Iarnellated and scattered throughout the cytoplasm. 
RESULTS 
[. T otal Counts of Granules in Successive Cell R ows (Table I, 
Fig2) 
Control Group: D espite close scrutiny, no granules were ever 
seen in basal cells . Surprisingly, a mean of 22 granules was seen 
in the very first row of spinous cells (St) and none of the 9 cells 
of St examined contained fewer than 18. The counts increased 
sharply in S2 and again in S3, where the mean was 2.5 times 
that in St. 
Following 8 3, the counts decreased in each successive row. 
The decrease was slow at first. It did not reach statistical 
significance between S3 and s., nor between S,, and K-4, despite 
t h e 3 to 4 rows of cells intervening between these (in which no 
counts were made). The decrease was, however, precipitous in 
t he rows superficial to K-4, and in the last row of the granular 
layer most cells had no granules. 
No instances of extruded granules or of lamellated material 
in the intercellular spaces could be found between St - S2 and 
S z- Sa, bu t occasional instances were observed between 8 3 a nd 
84. In the last rows of the spinous layer , however , and through-
o u t the granular layer , progressively greater proportions of the 
intercellular spaces were filled with lamella ted material (Fig 3a, 
3h). 
Since t he number of granules in the cells of rows S~o S2 and 
8 3 was not apprecia bly diminished by extrusion, the rising 
counts up to 8 3 may be taken as indices of the rate of formation 
of granules. The slow decrease in the counts between S4 and K-
4 despite progressive extrusion and filling of the intercellular 
spaces suggests that the formation of granules may have con-
tinued in cells of these rows. 
One distinctive feature of the counts following S3 was their 
great variability, par t icularly in the upper spinous a nd granular 
cells. 
Experimental group: A marked diffe rence· from t he controls 
was the far greater homogeneity of the experimental material, 
the coefficient of variation being smaller than in the controls in 
a ll rows except S2• 
The counts in the experimental group were higher t han t hose 
in the controls in every cell row. The difference was great 
e nough to be statistically significan t in almost all rows, despi te 
the great variability of the control counts. The peak count in 
t he experimental group was reached in S4, one row later than 
the peak control count, and was a bout 50% higher. The count 
in K-4 was still 91% of that in S4 , so t hat any decrease in number 
of granules t hat might have occurred in the 4-5 uncounted rows 
between S., and K-4 could not have been of significant size. In 
t h e rows following K-4, the differences between the gro ups were 
magnified, there being only a gradual decrease in the experi-
m ental counts in contrast to the precipitous decrease in the 
controls . 
Qualitative observations did not suggest differences from t he 
control in size or shape of the granules, nor did measurements 
show a difference in the spacing of lamellae. However, 2 distinct 
differences from the controls were noted , the second almost 
seeming to contradict the first. The first was that instances of 
early extrusion of granules were quite common in the experi-
m ental t issue, some being evident even between rows S 1 and 8 2 
(Fig 3c, 3d). Secondly, in spite of this evidence of early extru-
sion, a survey of the upper spinous and granular layers of the 
entire experimental material failed to produce instances of 
intercellular spaces that were more than sporadically filled with 
lamellate material. Incompletely filled spaces representative of 
t he experimental material are illustrated in Fig 3e and 3{, and 
can also be seen in Fig 3d. 
II. Distribution of Granules B etween the Peripheral and 
Central Zones of the Cytoplasm (Fig 4, Tables II and III) 
Control Group: The counts in both central and peripheral 
zones increased up to 8 3. Surprisingly, even in St the number of 
granules in the peripheral zone was more th an 6 times th e 
number in the center and remained by far greater in all suc-
ceeding rows. As we agree with the widely held view that the 
formation of granules occurs only within th e central zone (see 
introduction), the number at the periphery can increase only 
through displacemen t from the center. 
The ratio of peripheral to central counts decreased progres-
sively from 6.4 in St to 2.0 in S". The decrease was due to the 
steeper r ise in t he cen tral than t he peripheral counts, and t his 
showed that newly formed granules were not displaced to the 
periphery quite as rapidly as they were f01med. Even so·, the 
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TABLE I. Mean number of granules in cells of successive rows 
s, s~ s, S, 
Control Experi menLal Control Experimental Control Experiment.al Control Experimental 
21.9 (9) 
Coefficient of 
24 .3 (7) 32. 1 (9) 40.0 * (10) 52.7 (7) 53 .0 (6) 43.6 (8) 62.6 (5) 
Variation; % 16.6 19.7 24.9 14 .0 19.0 9.55 40.5 12.3 
K-4 I<-3 K-2 K- 1 
Control Experimental Control Experimental Control Experimental Control Experimental 
Coefficient of 
33.1 (7) 58 .. 5** (8) 23.0 (8) 50.0** (8) 9.63 (8) 38.0* * (8) 1.33 (9) 27.6** (9) 
Variation; % 43.7 28.0 45.2 42.2 46.4 38.6 140.6 40.7 
Experimental mean significantly different from control at p < .05:* 
The numbers m parentheses are the numbers of cells counted. 
p < .01:** 
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FIG 3. a and b, Control specimen-Two consecutive spaces between cells located 4, 3, and 2 rows distant from the keratin layer. Note in the 
space between rows 4 and 3 the nearly complete filling to the right and the nearly empty space to the left, but in the space between rows 3 and 
2 the nearly complete filling of the entire space (reduced from X 30,000). Bars represent 0.5 Jlm . c-f Zinc-deficient animals-Specimens selected 
to illustrate paradoxical premature and delayed extrusion of microgranules. c: a granule has already entered the space between the first and 
second row of spinous cells. d: sporadic presence of granules (arrows) in the space between 2 cells 4 and 3 rows distant from the keratin layer, 
while the bulk of the space has remained unfilled. e and f the intercellular spaces have remained nearly empty even at levels where extrusion of 
granules is completed in the controls. Compare with Fig 2 a and b. (reduced from x 25,500). 
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FIG 4. Mean of counts of granules in peripheral and central zones in 
cells of successive rows. 
vast majority of new granules must have reached the periphery 
while the cell was still in the same row. The clearest example 
of this was where the first granules were seen in S1 and where 
six times as many had reached the periphery as had remained 
in the center. 
In K-4, the peripheral count showed a slight increase overs •. 
Since by this level marked loss of granules by extrusion had 
become evident from the accumulation of lamellate material in 
a large proportion of the intercellular spaces (Fig 3a), continued 
displacement from the center must have maintained the num-
ber of peripheral granules between s. and K-4. It seems likely 
that this required at least some formation of new granules in 
cells up to K-4. Superficial to this level, extrusion of granules 
and increasing filling of the intercellular spaces were the pre-
dominant events. The low counts in both zones showed extru-
sion to be substantially completed by K-2. 
Experimental group: As in the controls, the counts in both 
zones rose between S1 and S3. In the experimental group, both 
counts also rose between SJ and S.,. 
Up to K-3, the peripheral counts in the experimental group 
closely resembled those in the controls; only the lower experi-
mental count in row K-4 (by 20%) reached statistical signifi-
cance. In the last 2 rows (K-2 and K-1) , when granules had 
become rare in the controls, substantial numbers were still 
present in the experimental group. 
The central counts were much higher than in the controls in 
all cell rows following S1. The differences between the group 
means were statistically highly significant in every instance. In 
K-4 and the rows following, the experimental counts were at 
least 5 times higher than those in the controls. They decreased 
slowly between K-4 and K-1, such that substantial numbers 
remained in the central zone in K -1 as they had in the peripheral 
zone. 
Since the experimental peripheral counts were similar to 
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TABLE II. Mean number of granules in the central and peripheral zones in cells of successive rows 
s, s3 S, 
Control 
(8) 
Experimental 
(7) 
Control 
(9) 
Experimenta l 
(10) 
Control Experimental Control Experimental 
(7) (6) (8) (5) 
Central zone 
Peripheral zone 
3. 13 
18.8 
3.29 
20.9 
6.56 
25.6 
12.9* •• 
26.1 
14.6 
36.4 
21.2** 15.3 30.2*** 
31.8 28.4 32.4 
K-4 K-3 K-2 K-1 
Control Experimental Control Expe rimental Control Experimental Control Experimental 
(6) (8) (8) (8) (8) (8) (9) (9) 
Central zone 5.83 32.0*** 5.50 27.5*** 2.75 19.9*** 0.89 12.4 ••• 
Peripheral zone 31.8 25.6* 17.5 21.8 6.90 18.1* •• 0.44 15.1*** 
Experimental mean significantly different from control mean at p < 0.05:* p < 0.02:*• p < 0.001: ••• 
'The numbers in parentheses are the numbers of cells counted. 
TABLE Ill. Mean ± standard error of the mean ratio of granules in p eripheral and central zones (PZ! CZ) 
s, s, 
Control 
Experimental 
6.37 ± 0.63 (8) 
6.82 ± 0.82 (7) 
3.93 ± 0.34 (9) 2.86 ± 0.50 (7) 
1.55** ± 0.12 (6) 
2.02 ± 0.32 (8) 
1.10* ± 0.09 (5) 2.03*** ± 0.10 (10) 
K-4 K-3 K2 K-1 
Control 5.94 ± 0.69 (6) 3.89 ± 0.58 (8) 3.82 ± 0.99 (8) 
1.04 •• ± 0.14 (8) Experimental 0.87*** ± 0.25 (8) 0.91** * ± 0.11 (8) 1.40 ± 0.19 (9) 
Experimental mean significantly different from control mean at p < 0.05:* p < 0.01:• • 
The numbers in parentheses are the numbers of cells counted. 
p < 0.001:• •• 
those of the controls but the central counts were by far higher, 
the ratios of peripheral to central counts were much lower, row 
8 1 excepted. In S,, the counts in each of the 2 zones were 
virtually the same in both groups. In the experimental as in the 
control group, the peripheral counts were more than 6 times as 
high as the central ones. In contrast to the controls, a steep 
decline of the ratios occwTed from then on in the experimental 
group. The experimental ratios were, therefore, increasingly 
smaller than those in the controls. These differences were of 
high statistical significance in all rows. 
The qualitative observations previously mentioned paralleled 
these numerical differences in that the spaces between the cells 
in the granular layer were only sporadically filled in the exper-
imental material (Fig 3e, 3[). Complementing this observation, 
large numbers of granules were scattered throughout the cyto-
plasm of cells in all rows of the experimental granular layer, 
and there was no difficulty in identifying granules in the deeper 
rows of the keratin layer as well (Fig 5). 
Thus, in both groups the displacement of granules to the cell 
periphery began immediately and a: the same rate in S,. Sui>-
sequently, however, it was much less effective in the experi-
mental group. Evidence for both an absolute as well as a relative 
impairment of this displacement was seen in row 8 3, where the 
total count per cell was the same in both groups (Table I), but 
the number remaining in the central zone was much higher in 
the experimental group. Further evidence for a greater retention 
of granules in the central zone of the experimental group was 
seen in row K-4, where the peripheral count was significantly 
higher in the controls, despite a reduction by extrusion, than in 
the experimental group, in which extrusion was retarded. 
III. Distribution of Granules in the Upper and Lower 
Compartments of the Peripheral Cytoplasmic Zone (Fig 6 
and 7, Table IV) 
Control Group: The number of granules in all rows was much 
higher in the upper than in the lower compartment, although 
both compartments were of the same size. Between S, and S 3, 
the counts in the upper compartment increased almost three-
fold, those in the lower one increased by one-third. In S,, the 
granules in the upper compartment were 3 times as numerous 
as in the lower compartment, and between S, and S3, this ratio 
nearly doubled. It decreased slightly but remained above fow-
in rows s. and K-4. A steep decrease in the ratio occurred 
FIG 5. Zinc-deficient animal-A cell of the last row of the granular 
layer and a cell of the first row of the keratin layer. Note numerous 
granules scattered throughout the granular cell, and granules persisting 
in the keratinized cell . Note merely sporadic filling of the space between 
the 2 cells (reduced from X 11,000). Bar represents 211-m. 
following row K-4, where, as noted before, th e rapid filling of 
the intercellular spaces began (Section II and Fig 3a and 3b). 
The counts in K-2 and K-1, moreover, were so low in both 
compartments that numerical ratios were no longer meaningful. 
These counts thus showed that within the early general 
displacement of the granules to the cell periphery described in 
Section II an upward movement was the strongest component. 
Qualitative observations in the upper spinous cells suggested 
a progressively closer approach of the granules in the upper 
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compartment to the superficial plasma membrane. No such 
approach to the deeper cell boundary was seen in the lower 
compartment. This observation supports the generally held 
opinion that extrusion of granules is confined to the superficial 
aspect of the cells [17-20, 24]. 
Experimental Group: The experimental counts in the upper 
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compartment were the same as in the controls in rowS~, but in 
rows S2, S.1 and K-4, they were significantly lower than in the 
controls. In the remaining rows of the granular layer, where the 
control counts in the upper compartment decreased precipi-
tously because of the rapid extrusion of the granules, the counts 
in the experimental group decreased only gradually, because 
extrusion was delayed. Thus, the experimental counts in these 
rows were higher than those in the controls. 
The experimental counts in the lower compartment were 
higher than those in the controls in every row. Due to the great 
homogeneity of the experimental material, the difference be-
tween the group means was frequently of statistically significant 
size in spite of the small numbers involved. In row S~, the 
experimental count in the lower compartment was by 62% 
higher than in the controls, despite the total peripheral count 
being almost the same in both groups (Table II). 
As in the controls, granules were always more numerous in 
the upper than in the lower compartment. However, given 
lower experimental than control counts in the upper compart-
ment and the reverse relation in the lower compartment, the 
experimental ratios of upper to lower counts up to row K-4 
were less than half those in the control group (Fig 7). In contrast 
to the steep rise of the ratios between S1 and S3 in the controls, 
almost no rise occurred in the experimental group. 
The stronger upward component which characterized the 
peripheral displacement of the granules in the controls thus 
was present but was by far weaker in the experimental epithe-
lium. Unlike the other quantitative differences noted, this weak-
ening was already detectable in the first row of spinous cells, 
and the disparity increased in the succeeding rows. 
Qualitative observations suggested that there was no differ-
ence from the controls in the decreasing distance between 
granules in the upper compartment and the superficial cell 
boundary. Instances of close approximation were, however, 
much less common than in the controls, while the lack of such 
approximations to the deep boundary of the cells was as con-
sistent as in the controls. 
DISCUSSION 
Numerous studies have been devoted to the nature of the 
membrane-coating granules themselves, but little attention 
seems to have been given to the nature of the centrifugal force 
which causes their prompt displacement to the periphery of the 
cell. This is all the more curious since the granules seem to be 
the only organelle or structure in the keratinocyte which un-
dergoes this intracellular migration. 
It was surprising to find that even in the cells in which the 
first granules were seen, in the first spinous row (S1), the 
granules in a peripheral shell of cytoplasm of little more than 
1 J.L in radius already outnumbered by more than 6 times the 
granules in the whole remainder of the cytoplasm. As stated 
before, there is general agreement among investigators that the 
granules are formed in the vicinity of the Golgi region, i.e ., the 
central zone in terms of the present study. If this view is 
TABLE IV. Mean number of granules in lower and upper compartments 
s, s, s, s. 
Control Experimental Control Experimental Control Experimental Control Experimental (lJ) (8) (12) (13) (9) (7) (7) 
Lower Compartment 4.09 6.63··· 5.00 6.69 .. 5.56 6.00 4.57 
Upper Compartment 11.3 11.9 18.8 15.2. 29.1 20.1 .. 21.6 
K-4 K-3 K-2 K-1 
Control Experimental Control Experimental Control Experimental Control Experimental (7) (9) (10) (10) (9) (10) (1 2) (14) 
Lower Compartment 6.14 6.22 4.60 4.70 1.89 4.2o• 0.33 2.50 ... 
Upper Compartment 23.1 16.6 ... 10.4 14.4 4.00 12.1 ... 0.25 9.07 ... 
Experimental mean significantly different from control at p < 0.05:• p < 0.01 : .. p < 0.001: ... 
The numbers in parentheses are the numbers of cells counted. 
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accepted, displacement of the granules to the periphery must 
happen while the cells are still in the same row. As turnover 
time of the buccal epithelium of the rat is so very brief (e.g. 
Hamilton and Blackwood [29] estimate 16 hr for the whole 
cellular layer) the massive displacement we observed in rowS, 
must have occurred in a matter of hours. Displacement in the 
subsequent rows did not quite keep pace with the rate at which 
new granules were formed, yet was prompt enough to prevent 
the central count from rising very high at any level in the 
epithelium. 
Many commentators have, of course, noted the concentration 
of granules near the superficial cell boundary in cells in the 
upper spinous layer [17-20, 22]. The reason for overlooking the 
far earlier peripheral displacement of granules might be that in 
most epithelia the granules are not numerous enough to be 
conspicuous in cells before the midspinous layer, and by this 
time the upward component of the centrifugal movement is the 
predominant event. 
The separate counts in a lower and an upper compartment of 
the peripheral zone demonstrated how early a preferential 
movement in the upward direction begins. Although not exclu-
sive, the upward component of the peripheral displacement was 
strongest even in the first row of spinous cells and gained in 
strength in the cell rows immediately following. 
The epithelium of the zinc-deficient rats showed the features 
of hyperplasia and hypertrophy so consistently seen in the 
buccal mucosa of the zinc-deficient rat [5,12]. As regards the 
membrane-coating granules, the main qualitative differences 
from the controls were the paradoxical instances of an earlier 
extrusion in the face of the merely sporadic appearance of 
lamellate material in the intercellular spaces of the granular 
layer. In line with the latter finding was the persistence in the 
experimental material but not in the controls of numerous 
intracellular granules in the upper granular layer and in the 
keratin layer. 
The counts showed that in comparison to the controls the 
number of granules per cell was higher in the lower spinous 
layer, and even more so in the upper spinous layer, and that 
there were by fa1· greater numbers in the granular layer. 
Comparisons of numbers of granules produced per cell are 
complicated by the earlier extrusion of granules in the controls, 
which reduced the number remaining in the cell from the 4th 
row of spinous cells onwards. If indeed there is an increased 
number of granules per cell in the experimental epithelium, this 
would be one more instance of the generally increased synthetic 
performance concluded from the increased cell dry weight and 
enzyme activities in the zinc-deficient buccal epithelium [12-
14]. 
Of the numerous functions attributed to membrane-coating 
granules those of facilitating desquamation at the epidermal 
surface [21, 30] and of forming the intercellulru· permeability 
barrier of the epidermis [31, 32] retain considerable credence. 
Experiments with ultrastructural tracers have also demon-
strated a permeability barrier similar to that of epidermis in 
the upper layers of keratinized oral epithelium [33, 34] but so 
far we have no information on how the changes in number and 
position of the granules in the zinc-deficient oral epithelium 
described here might influence the permeability of this tissue . 
A number of workers have associated the hydTolytic enzyme 
content of the granules with a putative role in the breakdown 
of intercellular substance and the desquamation of the epider-
mal surface cells [21, 30] and Frenk and Tapenoux [35] causally 
related the marked hyperkeratotic plaques of Flegel's disease 
to an apparent absence of membrane-coating granules in this 
lesion. However, as Hashimoto [36] pointed out, this relation-
ship is not consistent with the situation seen in nail and plantru· 
skin, where an extensive horny layer persists despite the pres-
ence of numerous granules. 
There are several experimental examples of an increase in 
cell proliferation and of hyperkeratosis being associated with 
increased numbers of membrane-coating granules. Mouse ear 
epidermis subjected to mild frictional stimulation shows 
marked hyperkeratosis and an increase in granules [37]. Tape-
stripping of human epidermis leads to an increased proliferation 
of epidermal cells and an increased production of granules, 
some of which are retained within the cells of the lower stratum 
corneum [38], as was seen in the zinc-deficient epithelium. 
Psoriatic epidermis also shares many of the histologic features 
of our zinc-deficient epithelium, and here too an increased 
number of granules per cell in the spinous and granulru· layers 
has been reported [39, 40], while the extrusion of granules 
seems to be similarly delayed, as suggested by the persistence 
of granules in the keratin layer of psoriatic epidermis [38-40]. 
The intracellulru· distribution of the granules has not been 
studied in these conditions where their number was increased. 
In our experimental material smaller proportions and numbers 
of the granules than in the controls were located at the cell 
periphery, and of the granules at the cell periphery a much 
lower proportion was located in the upper compartment. In 
view of the small number of granules in the upper compartment, 
it is not surprising that instances of closer approximation of 
granules to the upper cell membrane were rare in our experi-
mental material, while they were common in the controls. Such 
increasingly closer proximity over several rows of cells might 
be a precondition for, or might facilitate the fusion of the 
granule membrane with the cell membrane and the subsequent 
extrusion of the granules. A function of facilitation might be 
inferred from the immediate preferential upwru·d movement in 
the controls. The weakened upward movement in the experi-
mental cells might then be an important immediate cause of 
the decreased extrusion seen in these cells. 
In any event, the astonishingly eru·ly preferential movement 
of the granules towards the upper cell surface confers on the 
keratinocytes an unmistakable surface-oriented polarity. This 
is in contrast to Ryan's suggestion [ 41, 42] that the location of 
pinocytotic vesicles and cytoplasmic projections at the basal 
aspect of basal epidermal cells are features characteristic of a 
basally directed advancing surface, thus indicative of an " in-
ward growing" tendency of the epidermis. In the hyperplastic 
epithelium of the zinc-deficient animals, a considerable weak-
ening in this swface polarity is suggested by the fru· more even 
distribution of the granules. If similaT changes were to be found 
in hyperplasias regardless of etiology, one would have to con-
clude that such weakening of the normal polarity is one of the 
concomitants of excessive cell proliferation. As hyperplasia is 
invariably a component of the epithelial changes that precede 
overt invasiveness, the behavior of membrane-coating granules 
in hyperplasias may well deserve study. 
An organ-specific sensitivity to zinc-deficiency has been noted 
in the behavior of many enzymes, but the effect has always 
been a reduction in activity [ 43-4 7]. The anabolic stimulation 
in some regions of oral mucosa and skin is unique and remains 
a mystery. 
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